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ABSTRACT 
Recent studies indicate that cortisol may be directly 
involved in the induction of surfactant synthesis in the 
developing fetus. To examine the relationship of cortisol 
and fetal lung development, amniotic fluid cortisol (AFC) 
concentration and lecithin/sphingomyelin (L/S) ratio, an 
accepted indicator of pulmonic maturity, were measured in 
143 normal and high risk human pregnancies. AFC was determined 
by competitive protein binding radioassay after Sephadex 
LH-20 column chromatography. In normal gestations,significant 
differences (p<.05) were found between samples of less than 
20 weeks (8.6 +0.8 S.E. ng/ml), 20-25 weeks (11.4 +1.2 ng/ml), 
and greater than 30 weeks (20.2 + 1.7 ng/ml). Third trimester 
fluids with mature L/S ratios (>2) had higher AFC than those 
with immature (<2) ratios (20.5 + 1.0 vs. 14.8 +0.9 ng/ml; 
p<.0002). Diabetics with mature L/S ratios were characterized 
by lower AFC than normals (17.5 +1.5 vs. 22.2+1.7 ng/ml; 
p<.02). In contrast, significantly elevated AFC was observed 
in toxemic pregnancies, in early severe Rh incompatibility, 
impending intrauterine death, and isolated cases of prolonged 
rupture of membranes (PROM) and infection (p<.05). Sequential 
analysis of AFC in 18 pregnancies showed a progressive rise 
with increasing gestational age. 
Using a multiserial regression analysis, significant 
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correlation between AFC and L/S ratio was found in normal 
(r=0.79;p<.001), diabetic (r=0.38;p<.02), and toxemic (r=0.61; 
p<.05) gestations. When an AFC of 20 ng/ml, a value never 
seen prior to the 30th week of pregnancy, was used to predict 
lung maturity (as defined by the L/S ratio) , a 257o incidence 
of false positives and a 517. incidence of false negative 
predictions were noted. Similar percentages were seen when 
AFC was used to predict gestational age of greater than 36 
weeks and eventual birthweight of greater than 2500 grams. 
These data are consistent with the hypothesis that cortisol 
plays a role in fetal pulmonic development. However, it 
appears that, when used alone, AFC is of limited clinical 
value as an antepartum predictor of fetal maturity. Never¬ 
theless, AFC may be of considerable usefulness in determining 
whether to deliver high risk pregnancies with L/S ratios in 
the 'transitional' zone (1.5-1.9). 
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INTRODUCTION 
In keeping with the ever expanding boundaries of 
clinical medicine, the responsibility of the physician 
has extended to encompass the care and protection of the 
unborn child. The antenatal assessment of fetal maturation 
and well-being is of crucial importance in the subsequent 
management of pregnancy, especially in those situations 
where premature delivery of the fetus is under consideration. 
In recent years the emphasis in the management of high risk 
pregnancies has shifted from a passive role to a more active 
one, and major advances have been made in the antepartum 
recognition and, in some cases, prevention of factors which 
might compromise the quality of extrauterine existence. 
The major cause of morbidity and mortality in the 
immediate perinatal period is the idiopathic respiratory 
* distress syndrome (RDS). Recent figures^ indicate RDS to 
be the underlying cause or a primary conributing factor 
in approximately 20% of all neonatal deaths. Various 
2-3 
estimates place the incidence of RDS at a minimum of 
40,000 cases per year, and the mortality rate in RDS 
approaches 257o of the neonates affected. 
4-5 
RDS IS essentially a disease of prematurity, reflecting 
an inherent deficiency in surfactant production and/or 
surfactant release by the immature fetal lung.^ Surfactant 
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is a phospholipid-protein complex which stabilizes the 
air spaces, facilitates lung expansion, and thus prevents 
the atelectasis so characteristic of RDS. 
In order to prevent the delivery of fetuses whose lungs 
are functionally immature, significant importance has been 
attached to the prenatal determination of fetal maturity. 
Numerous physical, cytological, radiologic, and biochemical 
indices have been suggested;^ however, no single test has 
proven to be totally reliable. The most important of these 
indices is the amniotic fluid lecithin/sphigomyelin (L/S) 
g 
ratio first described by Gluck and associates in 1971, 
and since confirmed by scores of clinical studies. The 
9-14 
theoretical basis for this test relies on the evidence 
that pulmonary surfactant is a lipoprotein which is 
particularly rich in highly saturated lecithin compounds; 
hence, the L/S ratio concerns itself specifically with the 
stage of maturation of the fetal lung. 
Until recently the major advances in the therapy of RDS 
involved improvements in the ex post facto management of 
infants who already evidenced respiratory embarrassment, 
and included assisted ventilation, continuous positive 
airway pressure .(CPAP), and attention to the metabolic 
15-18 
needs of premature infants. However, in recent months 
interest has focused on the prevention of neonatal respiratory 
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distress seen after administration of glucocorticoids to 
mothers carrying infants having a high risk of developing 
19 
RDS. ^ 
Considerable evidence indicates that endogenous gluco¬ 
corticoids may have a physiologic role in the induction of 
normal fetal pulmonic maturation. Steroids are thought to 
exert their maturational effect either by inducing specific 
enzymes in the surfactant synthesis pathway or, alternatively, 
by enhancing the release of surfactant already present in 
the premature fetal lung cells. By ascertaining the gluco¬ 
corticoid status of the fetus in utero, therefore, it may 
be possible to predict those fetuses most likely to have 
decreased surfactant availability and hence delayed pulmonary 
maturation. 
Although direct measurement of fetal plasma corticosteroids 
would give the most accurate estimate of fetal steroid status, 
techniques for obtaining fetal blood are still in their 
20 
infancy. Therefore, amniotic fluid analysis is at present 
the only method for secondarily assessing fetal biochemical 
status, provided that the compound under study does not 
cross the placenta to a significant extent and is known to 
be produced by the fetus. Of the naturally occurring gluco¬ 
corticoids, cortisol has been found to fulfill the afore- 
21-23 
mentioned criteria and is measurable in the amniotic 
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fluid utilizing sophisticated radioassay methods. 
The present study was therefore undertaken to measure 
amniotic fluid cortisol levels in human pregnancies in 
order to further clarify whether cortisol plays a 
physiologic role in the development of the fetal lung. 
To determine whether specific clinical entities could 
influence the amniotic fluid cortisol levels and whether 
differences in cortisol concentration could be invoked 
to explain the varying potential for developing RDS noted 
in some high risk states^^ a systematic analysis of 
amniotic fluid cortisol in a number of complicated pregnancy 
states was undertaken. Finally, an evaluation of whether 
amniotic fluid cortisol could be used as either an index 
or as an adjunct in the utero assessment of fetal pulmonic 
maturity was performed. 
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REVIEW OF THE LITERATURE 
The concept that glucocorticoids may stimulate the 
differentiation of various fetal organ systems has recently 
become a subject of intense interest and investigation. 
In a series of papers published in the early 1950's, Moog 
demonstrated that exogenously administered ACTH and cortico¬ 
steroids can precociously increase the alkaline phosphatase 
activity in the small intestine of both the suckling mouse 
and the embryonic chick, and thus herald the premature 
30 35 
differentiation of fetal gut tissue. In 1968, Buckingham 
3 6 
and co-workers'^ pointed out certain similarities in the 
maturational processes of the fetal gut and the fetal lung, 
both of which are entodermal in origin. They therefore 
postulated that since accelerated maturation of the duodenum 
had been accomplished with steroids, such acceleration might 
also be possible in the fetal lung. 
At about the same time, Liggins noted that prematurely 
delivered lambs which had been infused with ACTH or with 
glucocorticoids prior to parturition were unexpectedly 
viable and also had a significant increase in lung aeration 
37-38 
when compared with age-matched controls. In these 
pioneer studies it was noted that continuous intraperitoneal 
infusion of ACTH (0.1 mg/24 hr) or cortisol (50 mg/24 hr) 
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into the fetus for 4-7 days caused parturition to occur 
between the 95th and 133rd day of a 147 day gestation. 
Estradiol administration to the fetus had no effect, nor 
did the administration of ACTH or cortisol to the mother. 
Parturition occurred when fetal adrenal weight reached 
that of normal term fetuses. In an effort to ascertain 
whether glucocorticoid or mineralocorticoid activity was 
the determining factor in parturition, a similarly designed 
experiment utilizing dexamethasone (predominantly gluco¬ 
corticoid) and deoxycorticosterone or corticosterone (mainly 
mineralocorticoid, although possessing some glucocorticoid 
potential) was performed. Only dexamethasone had any effect 
on parturition; moreover, only the dexamethasone treated 
lamb fetuses evidenced the accelerated lung aeration and 
viability seen in the previous study. The precocious lung 
maturation was postulated to be secondary to increased 
surfactant synthesis following induction of enzymatic 
pathways involved in surfactant production. In numerous 
earlier studies (including Moog' s original work"^ ^) , 
cortisol had been demonstrated to be capable of inducing 
39-43 
various enzyme systems. 
A spate of investigations followed rapidly on the heels 
of Liggins' initial observations. In one of the earliest 
experiments to explore the effect of exogenous steroids on 
1 44-45 
lung maturation, DeLemos and associates studied ewes 
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with twin pregnancies of between 100 and 130 days of 
gestation in which only one twin was treated with steroids, 
the other twin serving as control. Cortisol was administered 
either intraperitoneally (50 mg) or intravenously (20 mg) 
to the fetus each day until parturition occurred. In all 
cases (6/6) of greater than 100 days gestation (term=147 
days) the lungs of the steroid treated animals contained 
more air both at peak distending pressure and at atmospheric 
pressure when compared to normal controls; moreover, the 
surface tension was significantly reduced in the steroid 
treated fetuses. These effects were not present in the 
most immature of the twins (-100 days). Apparently, the 
glucocorticoid infusions had accelerated the development 
of the ovine fetal lung. 
46-49 
Similar studies confirmed these findings. Kotas 
46 
and Avery injected one rabbit fetus in each of 15 litters 
with a single dose of 9-fluoroprednisone (0.025 liig i.m. and 
intra-amniotically). The lungs from the steroid treated 
rabbits were significantly more distensible, had greater 
retention of air volume at all pressures, and evinced a 
decrease in surface tension, all pointing to an acceleration 
of the pulmonic maturation process. However, an overall 
decrease in the lung weight/body weight ratio was noted 
at the expense of cellular differentiation. Follow-up 
studies revealed that glucocorticoid treatment did not 
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have a uniform effect on all indices of maturation (i.e., 
body weight, number of ossification centers), suggesting 
that different organs are under independent regulators of 
development. Analogous results post-glucocorticoid treatment 
was seen in the non-human primate fetal lung.^^ 
Extending these observations, Motoyama and co-workers^^ 
and Taeusch and associates'^ found that accelerated 
pulmonary maturation was associated with increased survival 
time. It was also noted that fetuses adjacent to the 
injected animals had survival times intermediate to the 
control and steroid treated groups, thus suggesting a 
dose dependent relationship. 
Morphologic and electron-microscopic study of lung 
tissue from corticosteroid treated fetuses show changes 
50 52 53 
consistent with premature maturation. ’ In these 
investigations, electron microscopy of injected animals 
revealed an increased number of lamellar inclusion bodies 
and a decreased in the glycogen content in the Type II 
pneumocytes that are thought to be involved in the 
2 
production of surfactant, both these changes being 
consistent with premature acceleration of the differentiation 
of these cells. 
Demonstration of increased lung lecithin concentration 
was accomplished by Farrell and Zachman^^ in fetal rabbits 
injected intramuscularly with 9-fluoroprednisone. The 
i: 
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lecithin formed in respor'ie co coi’i:i:oid therapy was 
precipitated by acetone and was tlv’s ^a^r^;”umab ],y '-.urface- 
active.^^ A nearly 4-fold increacc In the fi.i-x of surface- 
active material in the tracheal fluid in d ^xavn;,. tthasone 
5 6 
infused fetal lambs was reported by Platzker el al. 
It is generally accepted that the first al ep in the 
action of steroid hormones involves the intara^rtlon with 
specific cytoplasmic receptors. The recep''^ complex is 
believed to then undergo conformationaj crr.o.goa Lhat allow 
it to migrate to tht.e cell Tiue‘'euc, These conformational 
modifications are temperauure dopondent. Tht; complex 
then binds to the DNA aad at-tivates the tca-n. . "irtional 
ap^paratus to product specific KNA V7hich in turn 
£ 
synthesizes the enzyroeve involved in va*icus bio synthetic 
^ 57-58 
pathways. 
Specific glucocorticoid Tccceptors have "ecently been 
found to be present in signifreant quantitlie rn fetal 
lung tissue. Initial studies by Gianr.opoulos"'' ' revealed 
glucocorticoid receptors of high specifIn the lungs 
of fetal rabbits; moreover, the af.'ilxty of v.irious steroids 
to compete for these binding ^iees \/as apparently related 
to their glucocorticj.^d potency. The receptors were found 
to be proteins weighing approximately 150,OfC daItons and 
were present in a vouccirtratTion of about 5000 per nucleus. 
In a later study vj'hic.b. analyzed lungs froai rennan elective 
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abortions as well as from several animal species, differences 
in receptor concentrations at various times during gestation 
were demonstrated, suggesting that the lungs may be 
responsive to glucocorticoids only at a critical period 
19 37-38 53 
of development, a fact borne out in other studies. ’ ’ 
Fetal lung tissue had a greater concentration of gluco¬ 
corticoid receptor sites than any other fetal organ. 
In human fetal lung tissue incubated with tritiated dexa- 
methasone at 2^ C, binding to receptors occurred primarily 
in the cytoplasmic fraction; after further incubation at 
37° C most of the label localized in the nucleus--that is 
6 3 
to say, the migration is temperature dependent. Thus, 
the data obtained with fetal lung glucocorticoid-specific 
receptor sites accord well with the aforementioned schema 
of glucocorticoid action. 
As mentioned above, hormones are thought to act by 
.inducing protein synthesis. There are two principal path- 
2 
ways for the de novo biosynthesis of lecithin: a) the 
incorporation of choline into a diglyceride molecule to 
form phosphotidylcholine (lecithin), and b) the triple 
methylation of phosphotidylethanolamine to lecithin, with 
SAM (S-adenosyl methionine) serving as the methyl donor. 
Studies using isotope techniques” have concluded that 
the choline incorporation pathway is the primary de novo 
route of lecithin synthesis in the fetal lung late in 
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gestation at the time when the major burst in surfactant 
production is observed, and that the methylation pathway 
has no clinical role in the process of lung maturation. 
Farrell and Zachman^ studied the activities of four 
enzymes in the lecithin pathways after infusion of 9-fluoro- 
prednisone into fetal rabbits. They observed a significant 
increase in the activity of phosphorylcholine glyceride 
transferase (PCGT), the enzyme involved in the terminal 
rate-limiting step of the choline incorporation pathway; 
no change was noted in the activities of choline kinase 
(choline incorporation pathway;non-rate limiting) or of 
methionine adenosyl transferase and phosphotidyl methyl 
transferase (methylation pathway). They suggested, therefore, 
that glucocorticoids exerted their maturational effect via 
the induction of surfactant synthesis secondary to an 
increase in PCGT activity. 
An interesting alternative hypothesis, but one with as 
67*68 
yet little experimental support, is the suggestion by Holm° 
that the target organ for ACTH and glucocorticoids is the 
adrenal rather than the lung. He postulates that ACTH and 
corticosteroids, being potent inducers of ethanolamine-n- 
methyl transferase in the methylation of norepinephrine 
to epinephrine, lead to an epinephrine mediated catecholamine 
response in the infant. This response, unlike the norepinephrine 
reaction of the in utero fetus and the infant with RDS, 
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results in pulmonary arterial dilatation and better lung 
69 
perfusion, as well as in alveolar expansion. Cranial 
compression during delivery. Holm believes, should lead 
to release of corticotrophin releasing factor and 
subsequent ACTH release, thus explaining the decreased 
incidence of RDS in vaginally delivered infants, as opposed 
to the increased occurrence seen in Caesarian section 
and in second and subsequent deliveries in multiple 
72 
gestations. 
Studies of the effect of cortisol on primary monolayer 
cultures of rabbit fetal lung cells of 20-28 days of 
gestation (term=30 days) further clarified the critical 
73 
time-dependent action of glucocorticoids. It was observed 
that cellular growth, as measured by total cellular DNA 
content,, was significantly enhanced by the addition of 
5.5 yM of cortisol if the steroid was given to cells from 
20-22 day fetuses. On the other hand, no significant change 
was noted in cultures derived from 24-26 day fetuses; moreover, 
a significant decrease was seen at 28 days. Even more 
interestingly, cortisol had no effect on palmitate incorp¬ 
oration into saturated lecithin at 22 or at 24 days, but 
resulted in a slight increase on day 26 and a striking 
increment by day 28. In contrast, cortisol had no effect 
on the incorporation of palmitate into sphingomyelin at 
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any gestational age. These results suggest that cortisol 
increases cellular growth early in gestation while enhancing 
differentiation (increased lecithin synthesis) and slowing 
growth as term approaches. 
Conversely, there is also evidence to suggest that 
interruption of the hypothalamic-pituitary-adrenal axis 
74-77 
results in a retardation of fetal pulmonic development. 
Surgical decapitation of the fetal rat led to a decrease 
in the osmiophilic lamellar bodies, an increase in pulmonary 
alveolar surface tension, and a decrease in total phospho- 
lipids--specifically lecithins-- in the fetal lungs. Moreover, 
the lecithins present were less saturated, and hence presumably 
less surface active, than the lecithins derived from the 
control lungs. It was also noted that glycogen stores were 
7 5 “ 7 6 
markedly increased in the decapitated fetuses. Since 
glycogen is thought to be used as an energy source in the 
50 53 78—80 
biosynthesis of surfactant, ’ ’ this retention of 
glycogen is consistent with decreased surfactant production. 
Finally, lung phosphocholine glyceride transferase (PCGT) 
activity was found to be reduced in the surgically decapi- 
j 74 tated group. 
In similar experiments with fetal rabbits^^ a decrease 
in the concentration of inclusion bodies in Type II cells 
in the decapitated animals was noted, although other para¬ 
meters (i.e., bubble stability, pressure-volume curves) 
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were within normal limits. This reduction could be reversed 
by injection of 50 yg of synthetic ACTH. The finding of 
normal lung parameters in association with decreased numbers 
of osmiophilic inclusion bodies was interpreted as being 
consistent with separate control of surfactant synthesis 
and release as well as with a considerable surfactant 
reserve. 
In addition to the considerable evidence amassed in 
animal experiments, further support for the proposed 
relationship between fetal cortisol concentration and 
lung maturation came from observations on various 
clinical entities in human pregnancy. The stress of labor 
is believed to play an important role in protecting pre¬ 
mature infants delivered by Caesarian section fron developing 
81 
RDS. A number of studies have revealed a significant 
increase in RDS in infants delivered abdominally;^^ 
moreover, the mortality rate in Caesarian section is 
four times higher in those infants delivered prior to 
to the onset of labor as opposed to those delivered 
81 
abdominally during labor. It is pertinent to the present 
discussion to note that fetal plasma glucocorticoid 
concentrations in cord blood were significantly elevated 
in neonates exposed to the stress of labor prior to 
Caesarian section when compared to those born after 
82 
elective Caesarian section not associated with labor. 
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83 
and attained values seen in vaginally delivered infants, 
suggesting that labor per se is the protective factor. 
Murphy and Diez D'Aux also found marked differences in 
umbilical cord blood cortisol levels between fetuses 
delivered by Caesarian section without labor and those 
born vaginally post labor, a finding confirmed by Pokoly,^^ 
8 5 
(The conflicting results obtained by Talbert and associates 
are easily explained by the fact that they made no attempt 
to separate Caesarian sections with and without a period 
of labor prior to the procedure.) 
Other conditions presumed to be associated with chronic 
intauterine stress have been found to have a sparing 
influence on fetuses at risk for developing RDS. Pre-eclampsia- 
toxemia is characterized by the triad of hypertension, edema, 
and proteinuria in the mother and by placental ischemia, 
intrauterine growth retardation, and increased fetal mortal- 
86 
ity. The toxemic state has been found to be associated with 
an acceleration of the conversion of the L/S ratio to 
27 
values reflecting pulmonic maturity. Similarly, intra¬ 
uterine growth retardation per se (i.e., the small for 
dates baby) is characterized by higher than expected L/S 
27 87 
ratios; ’ this is also true of various placental insults, 
maternal sickle cell disease, maternal hypertension, and 
27 88 
maternal heroin addiction. ’ 
Increased glucocorticoid production in the face of 
89 
congenital infection has recently been documented; also, 
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accelerated pulmonic maturation has been found to occur 
after experimentally induced intrauterine infection in 
90 
the fetal rabbit. These results are consistent with the 
hypothesis that intrauterine stress may be associated with 
precocious lung development. 
Prolonged rupture of membranes has been reported to 
have a beneficial effect on perinatal respiratory 
28 91-93 
sufficiency, ’ and to be correlated with fetal 
28 94 
plasma cortisol levels. ’ However, these findins have 
been questioned by other observers who found no decrease 
in the incidence of RDS in newborns born after prolonged 
95-97 
rupture of membranes. 
The various clinical entities discussed above, some 
of which have been found to be characterized by increased 
fetal corticosteroid levels, are indicative of a possible 
palliative effect exerted by stress factors. Conversely, 
there is evidence of immediate post-partum corticosteroid 
deficiency in infants with the respiratory distress 
29 94 
S3mdrome. ’ Umbilical cord blood was assayed for cortisol 
and cortisone in premature infants at risk for developing 
RDS. Serum cortisol levels were 23.1 ng/ml in babies with 
RDS, as compared to 68.5 ng/ml in those without respiratory 
difficulties (p<.01). Cortisone values were 82.9 ng/ml and 
126.1 ng/ml (p<.05), respectively. Only a single case of 
RDS occurred with cortisol levels above 60 ng/ml. In 
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contrast, higher cortisol and corticosterone sulfate 
98-99 
levels have been noted in infants with RDS, These 
differences, however, can be reconciled by the fact 
that these newborns were studied at the time of admission 
to a newborn intensive care unit rather than at time of 
delivery; hence, it is not surprising that these infants 
would show elevated corticoid levels secondary to a 
normal ability to respond to post-partum stress, while 
29 94 
Murphy s ’ studies reported baseline values. 
Another way of indirectly evaluating the relationship 
between corticosteroids and lung development would be 
to study adrenal gland structure in the presence of 
hyaline membrane disease (RDS). Naeye^^^ examined autopsy 
material from 387 neonates who survived from 7 to 72 
hours after birth. It was found that adrenals from new¬ 
borns dying of RDS were 19% lighter than those from infants 
expiring from causes other than RDS. Adrenal weights from 
both groups were calculated as percentages of mean values 
for gestationally age-matched control infants^*^^ and were 
found to be 887o of control weight for the infants with RDS 
as opposed to 107% of control weight for the infants without 
hyaline membrane disease. Lung weights and thymus weights 
were elevated in the RDS group, a finding consistent with 
similar observations in pulmonically immature decapitated 
75-76 
rats. The greater size of the adrenal glands in the 
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non-RDS group was shown to be due to a greater number of 
cells in both the fetal and adult zones of the cortex. 
In additon, cases with intercurrent infection were 
found to have a significantly lower incidence of RDS, 
lending corroboration to the aforementioned findings 
89 90 
of Osbum and Kotas. Moreover, the relative weights 
of the adrenals were greater in the infected infants, 
secondary to an increased cell number and (adult zone) 
cytoplasm per cell. Finally, fourteen anencephalic 
fetuses were examined; they were found to average 45% 
of the control mass of adult zone cortex and 2% of the 
fetal zone of normal controls. Interestingly, these 
infants also had about 45% of the control percentage 
of osmiophilic granules in their lungs, suggesting 
that it is the adult zone that is responsible for the 
induction of surfactant production. However, the fact 
that in anencephaly the fetal zone does not involute 
until after the 20th week (being until that time under 
102-103 
the trophic influence of the placenta ) and that 
the deficit in RDS may be one of surfactant release, 
makes Naeye’s^^^ data not incompatible with the possibi lity 
that the fetal zone may also play a role in the synthesis 
of surfactant. In any event, the finding of osmiophilic 
granules, albeit in reduced numbers, in the lungs of 
anencephalics, helps in understanding the occasional 
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report^^^ of mature L/S ratios in anencephalic infants. 
The most exciting evidence for the promise of ante¬ 
partum administration of glucocorticoids in the prevention 
of RDS has come from recent controlled clinical trials 
involving high risk human fetuses. In the initial study 
19 
by Liggins and Howie 282 women who were either in pre¬ 
mature labor or in whom premature delivery was planned 
before the 37th week of gestation were given intra-muscular 
injections of either a potent glucocorticoid (a mixture 
of 6 mg betamethasone acetate and 6 mg betamethasone 
phosphate) or of a 'control' of significantly less 
glucocorticoid potency (6 mg cortisone acetate). A 
repeat injection was given 24 hours later if parturition 
had not supervened. The results were striking. Infant 
mortality in the 213 pregnancies with unplanned premature 
labor showed significant decreases with the betamethasone 
treatment (neonatal death rate= 3.27o vs. 15% for controls; 
perinatal mortality= 6.47, vs. 18% for controls). Similarly, 
the incidence of RDS in the steroid treated group was 
only one-third that of the controls (9%, vs. 25.8%). These 
differences were even more marked when only those babies 
receiving both injections (i.e., delivery occurring at 
least 24 hours after the first injection) were considered 
(perinatal death rate= 4.3% vs. 17.97o; incidence of RDS= 
4.37c, vs. 24%). When the infants were divided according to 
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gestational age, it was noted that the beneficial effects 
of the steroids were confined to those neonates of less than 
32 weeks of gestation (incidence of RDS= 11.87o vs. 69.6%) . 
In the 69 mothers with planned premature deliveries for 
a variety of complicatios of pregnancy no significant 
differences were noted with the steroid therapy except 
in the 32 mothers with pre-eclampsia-toxemia syndromes, 
where an increase in antepartum and intrapartum fetal 
deaths were seen (nevertheless, the incidence of RDS in 
the surviving neonates was somewhat lower in the treated 
group). The increase in fetal mortality in-these babies 
is suggestive of a possible adverse effect of steroids on 
placental function, especially in conditions, such as 
pre-eclampsia, where the placenta is already compromised. 
A number of animal and human studies^^ ’ have found 
an increased incidence of placental insult and fetal death 
after steroid treatment.^The functional correlate is 
described by Wong and Burton^^^ as impaired maternal-fetal 
glucose transfer in the steroid treated animals. Numerous 
other possible side effects of corticoid treatment have 
, , , 111-119 
been described. 
This pilot study has been extended to include 555 
infants delivered after spontaneous premature labor and 
59 babies born of mothers with pre-eclampsia-toxemia 
120 
(PET). The results confirm the decreased neonatal and 
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perinatal mortality (6.9% vs. 12.87o and 10.47o vs. 17.77,, 
respectively) and the decreased incidence of RDS (11.1% 
vs. 18.2%) seen in the earlier study. Again the benefit 
was most marked in babies treated from 24 hours to 7 
days prior to delivery (incidence of RDS: 8.7% vs. 26.37,; 
mortality: 9.2% vs. 25.7%) and in infants of less than 
32 weeks of gestation (incidence of RDS: 21.2% vs. 63.27o). 
Increased mortality rates in PET were also confirmed 
(35.3% vs. 16.07o). It is of interest to note that infants 
delivered more than 7 days post therapy showed no decrease 
in RDS; this apparently short-lived effect’ of steroids 
caused the authors to speculate that a transient phenomenon 
121 
(e.g., release of surfactant already present ) rather 
than a long-term maturational enhancement (via enz3niie 
induction) might be responsible for the beneficial outcome 
of their clinical trial. 
19 
Although Liggins and Howie state that no consistent 
changes in the L/S ratio were found after betamethasone 
122-123 
therapy, similar studies have observed L/S increases 
consistent with an accelerative effect on pulmonic maturation. 
122 
Spellacy et al. found that oral glucocorticoids (Decadron) 
administration for a two week period in women of from 28 
to 32 weeks of gestation led to a significantly greater 
rate of increase in the L/S ratio than that seen in non- 
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treated controls. Estrogen (Premarin) therapy was not 
effective. A similar acceleration was noted by Caspi 
123 
et al. in a small series of patients, although the 
effect of the steroid (dexamethasone) was not clearly 
separated from the consequences of PROM in about one- 
half of the cases. 
To explore whether glucocorticoid administration 
might influence the clinical course or severity of 
12^ 
RDS, Baden and co-workers studied the effects of 
cortisol (i.v. q2h x 2) versus placebo in 44 infants 
with RDS. No significant changes in various pulmonary 
function parameters or on overall survival were noted, 
in spite of significantly increased circulating cortico¬ 
steroids in the plasma of the treated infants. However, 
they did notice that of the glucocorticoid treated infants 
who required respirator management in the later stages 
of their disease, 457o survived as compared with 227o of 
the placebo group. This raised the possibility that the 
steroid therapy might manifest its therapeutic effect 
only after enough time had elapsed to allow for enz3rme 
induction to exert its effect, and that for post-natal 
steroids to be of any usefulness. Ion- term (i.e., 3-4 
days q6h) therapy would be needed. As mentioned earlier, 
the plasma concentrations of cortisol and corticosterone 
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were found to be higher in babies with RDS; but, 
as explained above, these values were obtained after 
admission to intensive care and probably reflect stress 
responses by the compromised newborns. Disturbingly, 
however, a moderate to severe degree of intraventricular 
hemorrhage was found on autopsy in 6 of the 7 steroid 
treated infants who died despite therapy, whereas only 
1 of 6 in the placebo group showed such changes. 
Therefore, extreme caution should be used when long- 
119 
term steroid treatment is contemplated. 
Before discussing the scanty literature on amniotic 
fluid glucocorticoids, a bried review of the evidence 
pointing to independent fetal steroidogenesis is in 
order. Also, the relative ability of glucocorticoids 
to cross the placenta will be summarized. 
The fetal adrenal anlage first appears at 4-6 weeks of 
126 
gestation, and the fetal zone is distinct by 6 weeks. 
At 8 weeks of age C-17-20 desmolase, 16-a-hydroxylase, 
and 17-6-hydroxylase are present in the fetal adrenal, 
and at 10 weeks 21-hydroxylase and 11-6-hydroxylase appear. 
Sulfokinases are also present in significant amounts in 
the fetal cortex. However, the fetal adrenal has a 
relative paucity of A5-36-hydroxysteroid dehydrogenase- 
isomerase. There is evidence to show that the fetal 
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adrenal cortex can synthesize the basic steroid nucleus 
X27 
from acetate. The aforementioned array of enzymes 
present in the fetal adrenal suggests that the fetus 
should be capable of forming all significant glucocorticoids 
and mineralocorticoids from early in gestation, provided 
that a source of progesterone is available. Progesterone, 
a A4-3 ketosteroid, is necessary since the relative lack 
of A5-33-dehydrogenase in the fetus prevents the conversion 
of fetal produced pregnenolone to progesterone. Fortunately, 
the placenta produces both pregnenolone and progesterone 
in large quantities, and both compounds readily cross 
the placenta.126,128-129 
In contrast, the placenta is deficient in 11-6-hydroxylase, 
16-a-hydroxylase, 17-6-hydroxylase, desmolase, and sulfo- 
kinase. Thus, it cannot synthesize the glucocorticoids, 
mineralocorticoids, androgens, or estrogens from the 
progesterone it produces in such prodigious quantities 
(secondary to the large amounts of 3-6-hydroxysteroid- 
dehydrogenase present). The placenta contains sulfatase 
as well as a very active aromatizing system which enables 
it to form estrogens from the appropriate C-19 precursors. 
The sulfurylation pathway is the major mode of steroid 
inactivation in the fetus; placental sulfatases are needed 
in the further metabolism and conversion of sulfated 
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steroids. Thus, the fetus and the placenta have incomplete 
enzymatic systems that complement each other in steroido¬ 
genesis. This has provided the theoretical basis for the 
measurement of steroids such as estriol, which require 
both systems to be functional, in the assessment of the 
130 
well-being of the entire feto-placental unit. 
21 
Recent studies have confirmed the ability of the fetus 
to produce glucocorticoids from early in gestation. Relatively 
high concentrations of cortisol were found in the fetal 
adrenal as early as the 8th week and greatly exceeded the 
concentrations found in other tissues. Serum cortisol and 
cortisone levels were also demonstrated to show a progressive 
rise during gestation and an abrupt increment in cortisol 
(but not in cortisone) coincident with the onset of labor. 
Unlike the situation in the adult, where cortisol accounts 
for about 90% of the total steroids bound by corticosteroid 
'binding globulin, in the fetus only 107o of the total 
21 
steroid is in the form of cortisol. 
The fact that plasma from the arterial side of the 
umbilical cord has significantly higher cortisol levels 
than the venous side provides even more direct evidence 
22 
that the fetus is capable of producing cortisol. The 
lack of significant differences in cortisone concentration 
suggests that this, the major steroid present in the 
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fetal plasma, ’ was more likely to be derived from 
both the placenta and the fetus. 
Moreover, recent evidence suggests that the majority 
of maternal cortisol is converted to cortisone by the 
23 132-133 
placenta before passing to the fetus, ’ again 
supporting the claim that fetal plasma cortisol levels 
(and hence amniotic fluid cortisol levels) reflect fetal 
fetal glucocorticoid status, whereas cortisone levels 
may not. In an in vivo study in humans it was shown that 
approximately 85% of a labeled i.v. dose of cortisol 
given to the mother prior to elective abortion was re¬ 
covered in the fetal tissues in the form of cortisone, 
23 
while only 15%, was present as cortisol. This is not 
unexpected in the light of the high 11-3-dehydrogenase 
134 
activity known to be present in the human placenta. 
In vitro experimentation using human placentas confirmed 
earlier findings, showing a 51-80% conversion of cortisol 
to cortisone. Betamethasone and dexamethasone underwent 
only negligible conversion, suggesting that the latter 
agents may be more efficacious if antepartum treatment 
135 
of the fetus is contemplated. 
A final bit of evidence in support of the contention 
that cortisol measurements in the fetus represent fetal 
production is the fact that the human fetus has been 
shown to be incapable of re-converting cortisone back 
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to cortisol, in contrast to the situation in adults. 
There have been few studies of steroid profiles in 
137 1 A-1 
amniotic fluid. Prior to 1975 only two groups 
had attempted to measure cortisol in amniotic fluid. 
Both these groups found small but quantifiable amounts 
of cortisol to be present. ’ 
In the last twelve months, coincident with the present 
project, the current interest in antenatal glucocorticoid 
therapy for RDS has led to renewed investigation of 
amniotic fluid cortisol. ’ Murphy noted a 
significant correlation between unconjugated amniotic 
fluid cortisol levels and umbilical cord blood cortisol 
values (p<.01). Correlation of amniotic fluid cortisol 
with maternal plasma levels was of borderline significance 
(p=.05), again supporting the concept that amniotic fluid 
measurements reflect fetal glucocorticoid status. A 
progressive rise in amniotic fluid cortisol from 5 ng/ml 
at 10-15 weeks to 10 ng/ml at 25-35 weeks to 22 ng/ml 
during the last weeks of pregnancy was found to occur. 
Earlier, Pokoly^^ had noted only a weak correlation 
between umbilical cord blood and amniotic fluid cortisol 
levels, but his cord blood samples were obtained several 
hours after amniocentesis had been performed. 
25 2 A- 
Fend and Tulchinsky, unlike Murphy, found little 
change in amniotic fluid cortisol until the 34th week. 
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but noted an abrupt rise after this time. Moreover, they 
showed a good rank correlation between the L/S ratio and 
the total (conjugated and unconjugated) cortisol in the 
amniotic fluid of a small number of uncomplicated preg¬ 
nancies. They also noted that no RDS occurred (in the 
16 cases) where the total cortisol was greater than 60 
ng/ml (i.e., approximately 12-15 ng/ml in the unconjugated 
state). Unlike Murphy they found a further increase in 
cortisol in post-term pregnancies. 
142 
Finally, Sivakoumaran et al. also claimed to have 
measured cortisol in amniotic fluid and found no good 
correlation with the L/S ratio, although they did find 
a rise with increasing gestational age. However, their 
technique did not reliably eliminate interfering steroids 
prior to their assay step, resulting in grossly elevated 
steroid values that did not correspond to those noted in 
other studies, thus raising doubt as to whether they were 
indeed assaying cortisol. Moreover, their population 
consisted of a 'mixed bag' of normal and high risk patients, 
a fact that would be expected to obscure any possible 
patterns. 
Thus, in summary, numerous lines of evidence point to 
a role for cortisol in the induction of surfactant synthesis. 
Recent studies indicate that umbilical cord blood cortisol 
levels may be useful in predicting subsequent RDS and 
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that these levels also correlate with amniotic fluid 
cortisol concentration. Preliminary studies with 
amniotic fluid lend some support to this hypothesis, 
but there are significant points of difference between 
the few studies available. The present study was designed 
to document possible differences in amniotic fluid 
cortisol in various high risk pregnancy states and to 
clarify whether amniotic fluid cortisol concentration 
was of clinical usefulness in predicting fetal pulmonic 
maturity. 
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THE AIM OF THE INVESTIGATION 
The first segment of the present study involved 
establishing an accurate and relatively rapid method 
for quantitating the unconjugated active cortisol present 
in the amniotic fluid compartment. In order to accomplish 
this it was necessary to successfully eliminate other 
steroids that might potentially interfere with cortisol 
in the chosen assay procedure and then to quantitate the 
the cortisol levels with a radioassay technique. 
When this had been achieved, it was then possible to 
set up a plot of mean amniotic fluid cortisol (henceforth 
’AFC’) concentration throughout gestation, in an attempt 
to confirm the predicted rise with time. Considerable 
care was’ taken to eliminate all high risk entities from 
this portion of the investigation, so that a nomogram 
could be constructed for comparison with AFC levels 
obtained in complicated pregnancies. 
L/S ratios were ascertained in a large majority of 
the samples under study in order to be able to determine 
if the expected correlation existed between the gluco¬ 
corticoid and respiratory status of the growing fetus. 
After normal values had been established it was 
decided to study a number of complicated pregnancies. 
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As alluded to above, some of these entities are associated 
with either a sparing or a predisposing effect with respect 
to the development of RDS. Furthermore, many, if not all, 
of these clinical categories are correlated with significant 
degrees of intrauterine stress, which presumably could 
affect AFC concentration. The initial working hypothesis 
was that stressed pregnancies, often characterized by 
lower than expected incidence of RDS, would have elevated 
AFC, while, conversely, those associated with more frequent 
occurrences of RDS (i.e., diabetes) might have lower AFC 
levels. 
A small number of mothers carrying anencephalic fetuses 
was included in the project. It was hoped that measurement 
of AFC in these pregnancies would add to the understanding 
of the relative contributions of the mother and the fetus 
to the cortisol concentration of the amniotic fluid. 
Finally, in order to determine whether AFC could be 
used as a clinical indicator of fetal maturity, AFC was 
analyzed in terms of its ability to 'predict' L/S ratio, 
gestational age, and eventual birthweight. 
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METHODS AND MATERIALS 
Population (see Table 1): 
Amniotic fluid was obtained by transabdominal amnio¬ 
centesis from 143 normal and high risk human pregnancies. 
A total of 170 samples was assayed. Seventy-six uncomplic¬ 
ated pregnancies spanning a wide range of gestational age 
served as controls; in these patients amniotic fluid was 
obtained prior to either elective abortion or elective 
repeat Caesarian section. Included among the abnormal 
gestations were 30 diabetic patients of varying degrees 
of severity (see classification of White , 10 patients 
with pre-eclampsia-toxemia (PET; determined by clinical 
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presentation ), 10 with both diabetes and pre-eclampsia, 
10 with differing degrees of Rh sensitization, 3 anencephalic 
pregnancies, 2 impending intrauterine deaths, 1 patient 
with amniitis and fever, and 1 with prolonged rupture 
of membranes (PROM). Serial amniocenteses were performed 
on 14 high risk and 4 uncomplicated pregnancies. None of 
the babies born to mothers in the study developed signif¬ 
icant RDS; as a result, the L/S ratio was taken as the 
endpoint in assessing fetal lung maturity. 
Fluids were centrifuged and then kept frozen at -10*^ C 
until processed. Those stained with blood or with meconium 
were rejected. All samples were obtained prior to the 
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Table 1 
Patient Population 
76 Uncomplicated Pregnancies 
^2 Elective Abortions 
3A Repeat Caesarian Sections 
67 High Risk Pregnancies 
30 Diabetics 
10 Toxemics 
10 Diabetics with Toxemia 
10 Rh Sensitized 
3 Anencephalics 
2 Impending Intrauterine Deaths 
1 Prolonged Rupture of i'^embranes 




?.3I0HAV10a'.'V- 13TA0IJ^M0DWU 3^ 
VllOJtflQaA 3V1T33J3 
5’' i'a'>?A83^3 rA3*?3?] 
33lD^»AH03?tT PtBlH KOlH \d 
80fT3aAlQ 0^ 
??MM3X0T QI 
Arr':1.v ■ ;;! . w ?.:MT3aAlO 01 
HH 01 
::H.IAH'r3Di13wA I 
•^H,TA;ii.' JMip2TUA^;rili s 
30 33liT<‘U-> 036^0^0^^ I 
^.I Tl UIMA ? S «3Vi3 I 
36 
onset of labor. 
Reagents: 
All radioactive steroids were purified on Sephadex 
LH-20 columns before use. Unlabeled steroids were 
purchased from Swartz-Mann or Steraloids and used as 
received. Sephadex LH-20 was purchased from Pharmacia. 
Ethyl acetate was distilled once before use; methanol, 
benzene, and cyclohexane were purchased from Fischer 
and used as received. All assays were performed on 
disposable RTU tubes (12 x 75 mm) obtained from Becton- 
Dickenson. Dextran charcoal solution was made by 
suspending 25 mg Dextran T-70 and 250 mg Norit-A charcoal 
in 100 ml 0.1 M phosphate buffer, pH 7.4. Radioactivity 
counting was performed in either a Packard or Searle 
Mark II Liquid Scintillation Counter. 
Methods: 
2000 cpm of ^H-cortisol (S.A. 50 Ci/mM) were added 
to 1 ml of amniotic fluid, and the whole was extracted 
with 2x5 volumes of ethyl acetate to remove potentially 
interfering binding proteins. The organic extract was then 
dried over an air jet at 40° C. To 1 gram of Sephadex 
in small disposable plastic beakers was added an excess 
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of the solvent mixture cyclohexane:benzene:methanol 
(60:40:10). The slurry was then transferee! to 16 x 1 
cm columns. The dried sample to be chromatographed 
was applied to the column with 3 x 0.3 ml of the 
solvent. The first 16 ml containing other steroids 
were discarded, and the next 10 ml, containing cortisol, 
were collected, dried, and redissolved in ethanol. A 
10% aliquot was taken for estimation of recovery and 
2 X 40% aliquots for assay. Eight columns were usually 
packed and run at a time, the procedure taking approx¬ 
imately two hours. 
Freshly made protein-tracer solution (PTS) was utilized 
for each assay. To a 50 ml volumetric flask was added 
3 
1 yCi of H-corticosterone (S.A. 50 Ci/mM) followed by 
approximately 25 ml of buffer. To the mixture was then 
added 2.5 ml pooled human plasma which was used as the 
source of the bonding protein transcortin. The final 
volume was then adjusted to 50 ml with buffer, giving 
a 57o plasma solution. 
For each assay cortisol standards of 0,2,4,8,16, and 
32 ng in duplicate were used. A control amniotic fluid 
pool was included in each run. To each assay tube was 
added 0.5 ml of PTS, after which the mixture was vortexed 
and incubated in an ice-water bath for one hour to allow 
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equilibration of the assay protein and the ligand and for 
displacement of the tracer corticosterone. After the 
addition of 0.5 ml of the dextran-coated charcoal to 
take up the unbound steroids, the samples were allowed 
to stand for 15 minutes. The tubes were then centrifuged 
for 10 minutes at 2000-2600 rprn at 4°C. The supernatant 
was then decanted into counting vials containing 10 ml 
aquasol. (For more details on competitive protein 
binding radioassay tachniques see Murphy^^^ 
Lecithin/sphingomyelin (L/S) ratios were determined 
g 
by a modification of the method of Gluck. 
Gestational age was calculated from the time of the 
last menstrual period, and in most cases was confirmed 
by clinical examination in the first trimester and/or 
ultrasound determination of biparietal diameters later 
in pregnancy. 
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RESULTS 
1-Evaluation of Radioassay Technique: 
3 
Sensitivity: The mean binding of H-corticosterone 
was 67 + 17o (S.E.)- A typical assay curve is shown in 
Figure 1. A 50% change in binding usually occurred 
between 10 and 14 ng. In repeat radioassays, the percent 
binding for 2 ng cortisol was significantly different 
from the binding at 0, so that the assay was considered 
to have a lower limit of sensitivity of less than 2 ng. 
Therefore, when corrected for recovery and. aliquot size, 
the detection limit of the assay was 5 ng/ml of amniotic 
fluid. 
Recovery: The mean recovery after extraction and 
chromatography was 74 + 0.7% (S.E.;n=300). All samples 
were individually corrected for recovery. 
Specificity: The affinity of human transcortin for 
147 
a variety of steroids has been published previously. 
In general, only C-21 steroids with the A4-3-one config¬ 
uration show significant binding. Complete specificity 
for cortisol was conferred by the use of Sephadex LH-20 
for separation of this steroid prior to assay. The elution 
pattern of 16 steroids is shown in Figure 2. Of the steroids 
eluting close to cortisol, estriol was completely non¬ 
competitive in the assay. Cortisone spill-over into the 
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cortisol fraction averaged 47o. Its effect on the assay 
was considered negligible since it cross-reacts only 
about 107o in the assay. 16-a-hydroxydehydroepiandros- 
terone was non-reactive up to 5 yg, a 1000-fold excess. 
Cortisol conjugates, being water soluble, were not 
extracted by ethyl acetate nor do they bind significantly 
to transcortin. 
Reproducibility: The mean and standard deviation 
for the control amniotic fluid pool (using aliquots 
reading in the 2-8 ng range of the assay curve) were 
20.6 and 3.8 ng, respectively, giving an interassay 
coefficient of variation of 18.87o (n=17) . 
Accuracy: This was assessed by the addition of 8 
ng cortisol to 5 separate aliquots from the amniotic 
fluid pool prior to extraction, chromatography, and 
assay in’ duplicate. After correction for recovery 
and endogenous cortisol concentration, the value 
obtained was 8.1 + 0.5 ng (S.E.). 
Blanks: Solvent blanks and water blanks were 
indistinguishable from zero. 
Effect of Handling: Aliquots of a single amniotic 
fluid specimen were either spun and frozen immediately, 
frozen without prior centrifugation, or kept overnight 
at 28*^ C prior to freezing. Cortisol values were similar 
in all 3 instances (10,6, 12.3, and 11,4 ng, respectively). 
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Additionally, repeated freezing and thawing of the control 
amniotic fluid pool did not affect its cortisol concentration. 
■k 
2-Amniotic Fluid Cortisol in Normal Gestation 
Figure 3 presents the mean amniotic fluid cortisol (AFC) 
concentration at different time intervals in uncomplicated 
gestation. Levels rose from 8.6 + 0.8 (S.E.) ng/ml for 
pregnancies of less than 20 weeks to 11.4 + 1.2 ng/ml 
between 20 and 25 weeks of gestation (p<.05). Mean AFC 
in pregnancies of between 30 and 40 weeks averaged 19.8 + 
1.5 ng/ml and were significantly higher (p<.001) than 
cortisol levels of the 20th to the 25th week of pregnancy. 
Cortisol values were no higher in 5 post-mature specimens 
(greater than 40 weeks) when compared to those of between 
30 and 40 weeks (22.9 +2.8 ng/ml vs. 19.8+1.5 ng/ml; 
p=0.5). 
In normal pregnancies of 30 weeks or greater, AFC was 
significantly increased in those samples (n=23) with L/S 
ratios of 2 or greater (indicating pulmonic maturity) as 
compared to those (n=ll) with L/S ratios of less than 2 
(22.3 + 1.7 vs. 14.7 + 1,4 ng/ml; p<.02). 
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Using Jaspen’s multiserial regression analysis and 
grouping L/S ratios into categories representing mature 
(>2), transitional (1.5-1.9), and immature (<1.5) fetal 
pulmonary development, significant correlation was derived 
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when comparing AFC and L/S ratios in uncomplicated 
pregnancies throughout gestation (r=0.79; p<,001). 
When only samples of greater than 30 weeks were analyzed, 
similar significance was obtained (r=0.45; p<.005). These 
data are presented in Figure 4. Sequential determinations 
of AFC in 3 uncomplicated pregnancies demonstrated a rise 
in cortisol which paralleled the maturation of the L/S 
ratio (Figure 5). 
•k 
3- Amniotic Fluid Cortisol in High Risk Gestations 
The effect of diabetes mellitus on AFC is depicted in 
Figure 6. Third trimester diabetic gestations taken as 
a whole showed significantly lower AFC than comparable 
normal pregnancies (15.7 +1.2 vs. 20.2+1.3 ng/ml; 
p<.02). When diabetics were grouped according .to the 
L/S ratio, it was noted that those with mature L/S ratios 
had significantly lower AFC than normal controls (17.5 + 
1.5 vs. 22.2 + 1.7 ng/ml; p<.05); no significant difference 
was seen in fluids with immature L/S ratios. Also, diabetic 
patients with mature L/S ratios had higher mean AFC (p<.05) 
than their counterparts possessing L/S ratios of less than 
2. When the diabetics were divided according to the class- 
1 A- 3 
ification of White it was found that severity of the 
diabetes did not have any apparent effect on the AFC. 
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had higher than normal AFC (Figure 7). This difference 
was most marked in those patients with immature L/S 
ratios (21.4 + 2.9 vs. 15.4 + 1.4 ng/ml; p<.05). 
Although AFC generally tended to be somewhat lower 
in those pregnancies characterized by both diabetes and 
PET, differences were not found to be statistically 
significant (Figure 8). 
Third trimester Rh sensitized pregnancies evidenced 
significantly lower (p<.05) AFC than normals. This 
difference, which most likely was secondary to the 
fact that Rh sensitized gestations were also significantly 
'younger' (see below) and included a greater percentage 
of specimens with immature L/S ratios (12/17 vs. 11/36) 
than the normal controls, did not attain significance 
when the pregnancies were grouped according to the L/S 
ratio (Figure 9). However, in a small number of Rh fluids 
of from 20-25 weeks of gestation, mean AFC was significantly 
elevated (18.8 + 3.1 vs. 11.4 + 1.2 ng/ml; p<.05) when 
compared to gestationally age-matched normals. (These 
samples included some of the more severely sensitized 
pregnancies in the study.) 
In the pregnancies complicated by PET, Rh sensitization, 
and diabetes plus PET, those characterized by mature L/S 
ratios had higher AFC values than those with immature 
L/S ratios; however, the statistically significant differences 
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seen in normals and in diabetics were not observed, probably 
because of the smaller sample size in these categories. 
When normal and high risk pregnancies are considered together, 
and divided only according to the L/S ratio, highly signif¬ 
icant differences become readily apparent (Figure 10; 20.5 + 
1.0 vs. 14.8 + 0.9 ng/ml; p<.0002). 
Two intrauterine deaths were included in this survey. 
The first was a highly sensitized Rh pregnancy at 22% weeks. 
The fetal heart was heard at the time of amniocentesis but 
not 48 hours later. AFC was 19.6 ng/ml, a value higher 
than any single normal pregnancy of less than 25 weeks. 
The second fetal demise occurred in a diabetic mother at 
approximately 35 weeks of gestation and was of undetermined 
etiology. Amniocenteses performed prior to and after death 
(an interval of 4 days) showed an abrupt rise in AFC from 
16.3 to 26.7 ng/ml. 
One patient with prolonged rupture of membranes (29 
hours) was tapped prior to the onset of labor at term. 
L/S ratio was 1.2; AFC was 28 ng/ml, higher than any other 
normal or high risk specimen with comparable L/S ratio. 
Another patient with fever and question of amniitis was 
tapped at 34 weeks (by ultrasound). L/S was 1.2; AFC was 
24.5 ng/ml, again very high for a patient with an immature 
L/S ratio, especially so early in gestation. 
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Three amniotic fluid samples were studied in mothers 
carrying anencephalic fetuses. Gestational age ranged 
from 29 to 34 weeks. AFC levels were found to be 
equivalent to normal late third trimester pregnancies 
(20.2, 25.0, and 13.4 ng/ml). The lowest AFC value was 
seen in a patient whose pregnancy was complicated by 
diabetes, PET, and polyhydramnios, as well as by fetal 
anencephaly. 
In 14 high risk and 4 normal pregnancies followed 
with serial amniocenteses, 11 of the 14 complicated 
gestations and all 4 normal pregnancies showed a rise 
in AFC with increasing gestational age (Figure 11). 
In the preceding analysis of various high risk 
entities, correlation between AFC and L/S ratio (in the 
four high risk categories comprised of 10 or more gest¬ 
ations) was determined using Jaspen's multiserial regress- 
152 
ion analysis (see above). Diabetic gestations showed 
significant correlation (r=0.38; p<.02), as did the 
group of toxemic pregnancies (r=0.61; p<.05). Rh sensit¬ 
ized pregnancies and diabetic-toxemic samples, however, 
did not evidence significant correlation between AFC 
and L/S ratio. 
In an attempt to determine whether gestational age 
differences could account for the differences observed 
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Amniotic Fluid Cortisol in 18 Serially Followed Pregnancies 
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between the normal and the high risk groups, mean 
gestational age was computed for each category and sub¬ 
group. Results are depicted in Tables 2-4. It will be 
seen that the Rh group and that characterized by 
diabetes plus PET were significantly younger than 
the normal population under study, but that those 
with either diabetes or with PET were not. Thus, age 
factors alone could account for the differences noted 
in the Rh group, but could not explain the depressed 
AFC levels seen in the diabetics. Furthermore, when 
groups were subdivided by L/S ratio and then subjected 
to gestational age analysis, it was found that in spite 
of significantly depressed AFC values in diabetics with 
mature L/S ratios, and significantly elevated AFC in 
immature (L/S <2) toxemic pregnancies, no age differences 
were noted when these groups were matched with the 
corresponding normal subgroups. Moreover, the age 
differences seen in the Rh sensitized pregnancies and 
in the diabetic-toxemic patients did not lead to 
significant AFC variation. Thus, it was concluded that 
small age discrepancies could not completely account 
for the changes observed. 
■k 
4-Amniotic Fluid Cortisol as an Index of Fetal Maturity 
The finding of a correlation between AFC and L/S ratio 
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jfifiJ babuionoo &bw Ji ,awrfT ./lolaa^^f&v DltA Jnixbl^JttigJta 
jnvoooh yl-s.iblqmoij job bii/oo saiDnsqa’xt^axb ag-B IXfima 
.bavT&Bdo Eagnajrlx* arii loi 
<3iTi/-3«N in^©"? 5o iCBbnl r.s tn loai.j joO biijJ'7 Di:.lolfJ!ixA*A 
'XLifii 2VJ baa ;^’iA naaw.'od rio>3Bf^7XOo a 'io gbribnil BxfT ' 
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Table 2 
Mean Gestational Age in Normal and High Risk 
Populations 
(All L/S Ratios) 
Group Gestational Age (Weeks) 
Normal (N=36) 38.6 
Diabetic (N=37) 37.8 N.S.^ 
Toxemic (N=11) 37.3 N.S. . 
Diabetic + Toxemic (N=1A) 37.2 P<.05 
Rh Incompatibility (N=1A) 3A.A P<.001 
*N.S.= NOT significant 
All values compared to normals when calculating significance 
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Table 4 
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and of the progressive rise in AFC with increasing 
gestational age prompted an examination of whether 
cortisol could be used to predict fetal lung maturity. 
The analysis was hindered by the fact that none of the 
babies of the patients in the study developed significant 
RDS; as a result, L/S ratio, gestational age, and birth- 
weight were used as comparative indices of overall 
fetal maturity. 
Figure 12 presents the AFC values and L/S ratios 
in normal and high risk gestations. An L/S of greater 
than or equal to 2 was taken to indicate fetal pulmonic 
maturity. If an AFC of 20 ng/ml--a value never seen 
prior to the early third trimester-- is chosen as an 
arbitrary cutoff point, 597o (63/107) of the samples 
are correctly predicted with respect to the L/S ratio. 
However, 10 out of 40 samples (257o) with immature or 
'transitional' L/S ratios nevertheless had AFC greater 
than 20 ng/ml (false positives), and 34 of 67 samples 
(517o) with mature L/S ratios had AFC less than 20 ng/ml 
(false negatives). Utilizing an AFC of 25 ng/ml as the 
'predictor,' a decrease in false positives was noted (117o) , 
but only at the expense of a slight increase in false 
negatives (537,) ; conversely, an index of 15 ng/ml 
markedly increased the percentage of false positives 
(317o) , although a reduction in the false negatives 
JIA fift. d^£-j 
" ttrlij-dnlv lo rrc Jt:JsnJL4»eK?i fiA bsf:iqfiiio:tq tfe,fto^.3BJ«8d3 
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was obtained (477o) . These results are summarized in 
Table 5. 
Amniotic fluid cortisol levels with respect to 
gestational age in weeks are depicted in Figure 13. 
Using a gestational age of 36 weeks or greater to indicate 
fetal maturity, a similar analysis of the predictive 
ability of AFC was carried out (Table 6). No false 
positives were seen using an AFC of greater than 
25 ng/ml as the predictive index, although a high 
percentage (757o) of false negatives were encountered. 
For comparison, similar computations were performed 
using AFC of 20 and 15 ng/ml and L/S ratio of 2 as 
predictive indices. 
Figure 14 shows the relationship between AFC and 
weight of the fetuses born within 7 days of amnio¬ 
centesis. Analysis of the data is presented in Table 
7. A birthweight of greater than 2500 grams was taken 
to connote maturity. Regardless of the index chosen 
(L/S=2 or AFC=15, 20, or 25 ng/ml) there were ll-177o 
false positives. 
•k -k "k 
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Amniotic fluid cortisol levels in a large series of 
pregnancies was determined using a specific and thoroughly 
validated competitive protein binding radioassay method. 
The method is basically similar to that described for 
plasma cortisol^"^^ except that a chromatographic step 
is used. The values reported here are in excellent agree- 
2 ^ 
ment with those obtained by Murphy who used a specific 
25 
radiotransinassay. Fend and Tulchinsky measured total 
cortisol by radioimmunoassay in 48 amniotic fluid samples; 
their values approximated those obtained in the present 
study when their correction factor for estimating 
unconjugated cortisol (approximately 20% of total) was 
applied. Sivakoumaran et al.^^^ reported levels 10 
times higher. In their assay system no chromatography 
was used, and specificity was not thoroughly evaluated. 
Preliminary data suggest that about 3-fold higher values 
were obtained in our assay when no chromatography was 
employed. Although the nature and relative contribution 
of the interfering steroids in the amniotic fluid has 
not been completely elucidated, it is well recognized 
that cortisol is not the main steroid present in human 
amniotic fluid. Radioassay systems for the measurement 
of cortisol in the amniotic fluid must therefore depend 
‘'WWi' 
^ .pmi35]UD8lCI 
ao ^9.iT98 ni iiS<i-v0 SopA^iton kiul‘1 oi^oimA 
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t ^!^ . . . r 
ib^Oj ba'XL'^ef.am xjioiixri^ilx/r bffs lofia’H .x-fiea'VnbSnj&^^jolb/ai' ' 
^XqatBB biuXi oljolnrna $A ni \^&af^<j.mtm[niosbBi. yd Xo«l7:roo 
jneasj^q arfl ctX bonlsido eerojrfa bs^B-'iii.HotQqs eetti^v xlsril 
giT »■ 7ernx ji;-I ‘iu'i iq7db5 n<i}:XQ‘9'i'2O0 ‘xisrid qsjdv/ ybxj^a 
ZBw (,i£.Jo7 Xo X0£ y tjjBUilxo’Tqq&J J'PEb^iao boisgtry^noonu 
01 alsval badToqs^ 39 cii^3BfiiiJO>iM\lB .b9llqq& 
vriqB^goJemoida cwt mwjaye y^ea^ ft I .xad^iri eaezid 
b'3:?Biziav9 V Ifigi;oi6rf:- Ion ajRw V3xc»15io9q3 bdc »b^ey saw 
asL^Bv 79d8xd blo^-r jwodu xaitd adsb yxariifliiis-rt: 
!* 
saw yriqsigodi^’no^da an ftsrJw ybaaB oao ni baniarJdo axaw 
7l'- 
ftoX-rrodx73fioQ avXasIo^ bfta sT-ndan Brio dgixodJlA bayolqraa 
V- 
a«/l biull oXdoiiitnB arij ftX abioxs^a gfiioa^’jodnl ssij '^' 
basi/^oxsx iJaw Ei iJc- ^beda-bioifia yisdsiquioo nasd don 
itemt’rf nX dnaea-xq bioTsos nl»ra odd don i»r foaiddoo' darid 
drri^XA,g6.©f:i srld dol. M7^.iaya yaeaBoibsS .bxuJl oldoinraa 
bnaq^h sTo^si^dj 3sum bsi/H :;tIdo.inm£ arid fli Xoalddoo 
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on an extremely high specificity of the binding protein 
or must include a separation step prior to assay. 
The rise in cortisol levies with increasing gestational 
age noted in this study is in general agreement with the 
9/ 9 ^ 1/9 
observations of other workers, ’ ’ Several differences 
25 
were, however, apparent. Fend and Tulchinsky noted 
significantly higher cortisol values in gestations of 
over 40 weeks, a finding not reproduced in this study 
and perhaps explained by differences in methodology or 
by the small number of samples studied. They also noted 
no differences in cortisol values when samples of less 
than 20 weeks were compared to those of 20-34 weeks 
of gestation. A small but significant difference was 
noted in this study in which a larger number of fluids 
2 ^ 
was analyzed. Murphy reported findings similar to 
these and was also unable to demonstrate a further 
cortisol rise in three post-mature samples. 
A significant correlation between amniotic fluid 
cortisol and L/S ratio in normal, diabetic, and toxemic 
pregnancies was found in this investigation. Simple 
regression analysis of the same data, however, would 
have yielded a much poorer correlation, a finding reported 
1 A- 2 
by Sivakoumaran et al. However, the latter statistical 
method may be inappropriate since L/S values do not bear 
a linear relationship to lung maturity, and are used 
nf.:i»;jrrorj _«,aibf!jd -9^3 io vi rtyid vistjjs:!Jxa as no 
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•i.i j^‘. X.j r^^d-uun 'isgiti B ri:*iriw nl atda ni balon 
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Ta'JIlia r. -i3jo*r??oon:©b o3 oldfinu osle smr hnk szsiii 
•^'Xijic.fu-xaoq ©'sYff-l r.'i sell Joal:;iqo 
biull ijdjc.irifsx. o^auf^ad di.KS,;7''11n3l« A 
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clinically to delineate immaturity (<1.5), borderline 
maturity (1.5-1.9), and full maturity (>2). For this 
reason, amniotic fluid cortisol values were matched not 
to absolute L/S ratios but rather to the three ranks 
correspondihg to degrees of lung maturation (Jaspen's 
152 
multiserial correlation analysis ). When the data 
were looked at in this fashion, a highly significant 
correlation between cortisol and L/S ratio was found, 
25 
supporting the findings of Fend and Tulchinsky who 
used a comparable statistical approach (rank correla- 
tion ). This positive correlation is strengthened 
by the fact that statistical significance was observed 
even when first and second trimester samples were 
omitted, and only those specimens of greater than 
30 weeks gestation were analyzed. Additionally, late 
third trimester fluids with mature L/S ratios when 
considered as a whole had significantly elevated AFC 
when compared to those pregnancies characterized by 
immature of transitional L/S ratios. Finally, in the 
serially followed pregnancies, there was a rise in AFC 
which, for the most part, paralleled the rise in the 
L/S ratio. Taken together, these results lend indirect 
evidence in support of a role for cortisol in lung 
maturation. 
In reviewing the data on high risk gestations it 
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is apparent that the major deviations from the norm are 
seen in mature diabetic gestations which have lower AFC, 
and in early Rh and immature toxemic pregnancies which 
have higher mean AFC. The lower values noted in diabetes 
may be explained on the basis of a specific hormonal 
deficiency in infants of diabetic mothers; however, no 
differences in plasma 17-OH corticosteroid concentration 
or cortisol production rate are seen in either diabetic 
mothers or in their offspring.Another explanation 
could be a dilutional effect secondary to the mild to 
marked polyhydramnios often noted in late diabetic 
gestations;this would lower otherwise normal 
AFC values. In support of this possibility is the 
observation that in four cases with clinically obvious 
polyhydramnios, lower than expected AFC was noted, suggest¬ 
ing that dilutional factors probably do introduce some 
uncertainty in AFC determinations. 
As mentioned earlier, unlike the results with diabetic 
pregnancies, the depressed AFC seen in later Rh gestations 
can be explained by the difference in gestational age 
between the control group and the Rh sampling. 
Thus, it seems likely that diabetic and Rh sensitized 
gestations are not necessarily characterized by an absolute 
deficiency in the fetal production of glucocorticoids. 
Nevertheless, there appears to be a definite predisposition 
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to developing RDS in nifants of diabetic mothers. 
158-159 
Rh pregnancies also have a higher incidence of 
RDS, although this may be accounted for solely on the 
basis of prematurity. These apparent contradictions to 
the hypothesis that RDS is associated with and may be 
caused by low levels of glucocorticoids may be reconciled 
160 
by referring to the recent work of Smith and associates 
who demonstrated the antagonistic effect of insulin on 
cortisol induced synthesis of lecithin in cultured cells. 
It is well known that both infants of diabetic mothers 
and erythroblastotic neonates (severe Rh incompatibility) 
161“165 
are hyperinsulinemic. Thus, the hyperinsulinemia 
present in these neonates may interfere with the physio¬ 
logic process of cortisol induction of pulmonic maturation, 
and thereby predispose to the development of RDS. 
The significantly elevated AFC seen in toxemics with 
immature L/S ratios, early severe Rh incompatibility, 
impending intrauterine death, as well as in the 
isolated cases of PROM and infection, most likely 
represents a fetal response to prenatal stress. This is 
underscored by the observation that samples from the 
most highly sensitized Rh pregnancies, as gauged by 
amniotic fluid bilirubin levels, are also characterized 
by the highest AFC; conversely, the least sensitized 
pregnancies had AFC in the normal range. 
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These postulated stress and dilutional factors may also 
account for the unexpected fall in AFC noted in 3 of the 
18 serially followed gestations (Figure 11). The 2 Rh 
sensitized pregnancies showing mild drops in AFC both 
had initially elevated amniotic fluid bilirubin levels 
(in one case requiring intrauterine transfusion) and 
thus represent transient stress responses. The single 
diabetic experiencing the precipitous fall in AFC 
represents an example of extreme dilutional effect 
secondary to marked polyhydramnios, in this case necessit¬ 
ating the emergency removal of 1500 cc of amniotic fluid 
to relieve excessive intrauterine pressure. 
22 
Murphy has shown that the normal fetus is capable 
of producing cortisol from early in gestation. Moreover, 
recent isotope studies have suggested that little maternal 
23 132- 
cortisol crosses the placenta in an unchanged form. ’ 
1 O O TOC 
’ The finding in the present investigation of 
eseentially normal amniotic fluid cortisol levels in 
three cases of anencephaly suggests, therefore, that 
the presumed atrophic fetal adrenal is still capable 
of cortisol biosynthesis, although maternal transfer 
of the steroid cannot be completely ruled out. Earlier 
studies have remarked on the presence of normal amounts 
of corticosteroids in the cord blood of anencephalics 
and of relatively normal cortisol production rate shortly 
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after birth.Moreover, adrenal tissue from anen- 
cephalics is capable of in vitro synthesis of cortico¬ 
steroids,^^^ and anencephalics are apparently capable 
of surfactant synthesis, even in the absence of an 
active fetal zone.^^^’^^^ 
Accurate determination of fetal maturity is of 
primary importance in the management of high risk 
pregnancies when delivery prior to term is indicated 
to protect the life of the fetus. Since prematurity, 
and specifically pulmonic immaturity, is the major cause 
of perinatal morbidity and mortality, a reliable clinical 
indicator of maturity would facilitate the decision¬ 
making process in those gestations where the maturity 
of the fetus is in doubt. 
Analysis of amniotic fluid obtained by transabdominal 
amniocentesis, a technique first introduced as a diagnostic 
169 
tool by Bevibs in 1950, has provided significant 
information concerning the status of the fetus in utero. 
Numerous parameters indicating fetal maturity have been 
studied utilizing biochemical, cytological, and physical 
criteria. ’ However, no single test has thus far 
shown the degree of reliability needed for clinical use, 
and few of them even deal specifically with the functional 
maturity of the fetal lung, the main concern in determining 
whether to deliver a premature infant. Moreover, even the 
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L/S ratio, or the more recent analyses of total amniotic 
173-175 
fluid phospholipids- which in theory measure 
changes in the functional capacity of the fetal lung- 
are associated with significant percentages of false 
negative results, that is to say, a large number of 
'immature' or 'transitional' L/S ratios are not associated 
with the subsequent development of 
For this reason, it was felt that AFC, a compound 
with ample evidence linking it to fetal lung development, 
might be useful, either alone or adjunctively, as a clinical 
predictor of pulmonic maturity. The data presented earlier 
indicate that an AFC of greater than 20 ng/ml is associated 
with an L/S ratio of greater than 2 in 757o of the cases, 
with a gestational age of greater than 36 weeks in 88%, 
and with an eventual birthweight of greater than 2500 
grams in 83% of the samples analyzed. Although these 
niombers suggest that AFC correctly predcits fetal 
maturity in the majority of cases, the unacceptably high 
percentages (11-25%) of false positives--!.e., immature 
samples with high AFC-- may limit the use of AFC alone 
as a clinical index. Moreover, the high percentage of 
false negatives (51-96%,) makes a low AFC relatively 
meaningless in terms of predicting age, weight, or L/S 
ratio. Although the inclusion of samples from elective 
abortions would significantly reduce the incidence of 
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false negatives, such a maneuver would be clinically 
misleading since the need to ascertain fetal maturity 
only arises during the third trimester of pregnancy. 
If an AFC of greater than 25 ng/ml is chosen as 
the predictive index, the percentage of false positives 
with respect to L/S ratio (117o) , gestational age (07.) , 
and birthweight (157) drops significantly. However, as 
ecpected, the number of false negatives increases. It 
is of interest to note that while, in general, the L/S 
ratio does somewhat better than the AFC in predicting 
fetal weight and age (when compared to AFC indices of 
15 or 20 ng/ml; see Tables 6-7), an AFC of 25 ng/ml 
may actually be a more accurate gauge in assessing the 
gestational age. 
A note of caution must be introduced, however, in 
attempting to translate these data to a clinical setting 
since 1) none of the babies in the study developed RDS 
and 2) relatively few (n=21) determinations of AFC were 
made between the 30th and the 35th weeks of gestation, 
a time which represents the most critical period in the 
management of most high risk gestations. 
Several reasons can be offered to explain the scatter 
in the amniotic fluid cortisol concentrations for any 
given point in time in gestation. As noted above. 
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dilutional and stress factors may significantly influence 
23 135 
AFC measurements. Moreover, although Murphy ’ has 
noted that the majority of maternal cortisol is con¬ 
verted to cortisone by the placenta, small but signifi¬ 
cant amounts may contribute to the overall composition 
of the amniotic fluid; the finding of essentially 
normal AFC in three anencephalic pregnancies is com¬ 
patible with the possibility that maternal factors may 
also influence AFC. 
Thus, AFC when used alone is apparently not of 
sufficient specificity and reproducibility to warrant 
its utilization as the sole determinant of fetal 
maturity. However, while an L/S ratio of greater than 
2 is virtually never associated with respiratory 
distress (and hence is a more useful clinical index), 
there is evidence to indicate that an 'immature' L/S 
ratio may in fact often be associated with gestational 
ages of greater than 36 weeks, normal birthweights, 
87 172 
and the absence of respiratory problems. ’ Since 
many high risk pregnancies need to be delivered prior 
to term in order to save the life of the fetus, the 
common practice of waiting for a 'mature' L/S ratio 
may, in some cases, further endanger an already com¬ 
promised fetus. In this regard, the finding of good 
l^£ f £ ^ f ', . 1 
-x.'o.a «1 loB>i330S' l-o ^4.7 tMd'i b»3d« 
' , '. _ ,1, '., , ■■ 
Juri Iifl,cp , airfij \d j-nfo&IS'soi o7 fo'»,3^sv 
noiJiXiiittavo dpij 0,4 sJudiTirtoo >.4-«,uofn& 4mo 
'to ;»nibri.r4 ;bhjii oi'JoAstiL^ .^riJ U 
, . ..V. iir 
fxo; ex <i?i5nnngc.iq oilerlq^anona at DUA Imtoo 
vftfa a'Tc/'yR.i Janiaofcm J<»ji4 v,JHx<fie^o,q &A'J. djtw »idt36q 
‘ .D^A ^kon-ftoi'trti ofti'A 
1C. .ion vX3qq*ik<^.:b ai saola tv^dw OHA ,‘e,ur1T •, 
Kifecnew 04 yxil d>ai;boTq97 boo t.siaqa 
-a.49t to inancrmo^ab aioe &tis 9& noT,jaaiiltiu 
iifidj To oi4ai 2VJ na &,t Miw ,.x^liooa® 
VTOJBiiqyo'j rfixw bi94>jioO(iae T-s’/sf: el $ 
, (xobiii looifriio a al bnu} seoitalh 
2\J a It/‘j hi: ml ’ fia 4ad3 ajBoibfri 04 aonofcive al'aiarfdi 
i cool la.18,^^ i.ljjyr b'S.jaiooeeB •?,. /t%o4o joot cil o14bt 
j 
, •-jri^.t>9wdJ'. ?d Iiisr^o/j d-t nBdo Ta^je^cij^ to &9g& 
S T f v s - . 
aortia • '. ttfli&idotq •<'‘iotj0i’jtlqR9:r to fflo«9a<fa boa 
“Toiiq bdisvlifiib 07 bay.o aaloosjTgiinq 3<aJ[X rigid 
. - ^ ^ , 
^Jrt4 . ado to. atli 9di 9Vri.fi 04 lasbiro iitl mi»j o4 
r;i4B7 8\J *,‘ii7o,xl9;a‘ a tot to oolaofitq nominoo 
■xrioo \lta.a“-rf£ rr» Tsidrj’xy t , b>4£bo awnoe xtl .vam 
»nlbnit Bd4 aidt nl . 8W4»1 boelmoTq 
79 
predictability of age and weight with high AFC values 
(especially AFC greater than 25 ng/ml) suggests that 
it may be used clinically as an adjunctive index in 
determining whether to deliver high risk pregnancies 
with L/S ratios in the transitional zone (1.5-1.9). 
Further clinical studies are necessary to verify this 
possibility, but preliminary evidence offered by 
25 
Fend and Tulchinsky is favorable. 
Another interesting speculation arising from this 
study is the possibility that AFC, which has been shoxm 
to increase in response to various stress factors, might 
be used early in pregnancy (before it is masked by the 
expected increment with increasing gestational age) as 
an indicator of fetal distress. 
In order to investigate these possibilities, a series 
of experiments are underway or are presently being 
planned. A large number of Rh sensitized pregnancies 
are currently being collected to determine whether AFC 
correlates with amniotic fluid bilirubin, a measure of 
the degree of intrauterine hemolysis taking place, 
in an effort to see whether AFC can predict this 
particular type (and therefore perhaps other kinds) 
of early in utero stress. Furthermore, a prospective 
study of patients delivering within hours of a 
'transitional' or 'immature' L/S ratio is being 
, , ' ■■ r ' '(■ '. ^ ■ ' 'k 
■^.r jc-Wfj f^y r:f'3i^i:r(;,£>e, .rr<i\'ft>. \Jlij5 0xniIij. .b,^;«'fcr\§4 t®in,:JJt 
Jaf-.i"! d.gxx!( xs»V';£.fgib o:J ‘■is'fliairfw ^^b'ibl.flj’xs^si'b 
=!:^ 1-?J) c.no5i i«xTO.r4i^''^4eT'3 prx $c5i:?A*T: <3\J ,4qJtw 
•-■,M-f: nj 'n£'^^“^0.sxjv sib' Ji.-aifafJa. I;gi4;>i,j^ri|:3_ 
v:.TB:b:lfi,lJ.S':i:q ,^Jill'dlaeoq 
al "'V^'ajFiidoi'yT bafe 
€s r. -1 iao,:r i gax i xg> nol .1 siIxf a-.o fa xnx onA 
aw'^rt ".ascf £sri dd] bv :tsHj al 
.:.',d Kfiaij!'! auoj"XBv oJ i'jSBoqa.s-i /li ttSS‘'&t.oa4 od 
i:'rij ■•■■j .=• r Tr stjo^eci'; \pfijing^^q xri:; V,I;th5® baaij sd 
Si* i-3.w£^ Isnu-i ,ir-da«'2 
.63&a?d'3iffo IsJa^: ^o xoda-d^biti <3% 
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^;nx3d vlj-na?.3*iq sxa v.siwTc%i>mj' sdn(s>flii:T®tjx3 
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designed to define the incidence of RDS in these at- 
risk groups in the presence of high AFC concentrations. 
* ■k 
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To further clarify the proposed relationship between 
glucocorticoids and fetal pulmonic maturation, a detailed 
study of unconjugated cortisol in human amniotic fluid 
was undertaken. An accurate and specific method for 
determining amniotic fluid cortisol (AFC) was designed, 
and a large series of uncomplicated and high risk 
pregnancy states was assayed for cortisol levels. In 
each case AFC was compared to the lecithin/sphingomyelin 
(L/S) ratio to see if a correlation between cortisol 
and the functional development of the fetal lung could 
be established. To determine the usefulness of AFC 
as a clinical indicator of fetal maturity, a careful 
analysis of its relation to gestational age and 
eventual birthweight was carried out. The present work 
raises the possibility that AFC may be utilized as a 
predictor of fetal pulmonic maturity in gestations 
characterized by'intermediate' or 'transitional* L/S 
ratios, and as an index of intrauterine stress in 
early pregnancy. These hypotheses are currently under 
investigation. 
•k -k -k 
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CONCLUSIONS 
1. Amniotic fluid cortisol increases during gestation. 
2. Specimens with mature L/S ratios have higher AFC 
than immature samples. 
3. Amniotic fluid cortisol is lower in diabetes, but 
higher in pre-eclampsia, severe Rh incompatibility, 
impending intrauterine death, infection, and 
prolonged rupture of membranes. 
4. These differences are the result of dilution and 
stress, respectively. 
5. Anencephalics are characterized by eseentially 
normal AFC. 
6. The high incidence of false positives and false 
negatives limits the clinical usefulness of AFC 
if it is chosen as the sole index of fetal maturity; 
however, AFC may be of value as an adjunctive index 
in high risk pregnancies with intermediate L/S 
ratios. 
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These results have been submitted for publication 
and further studies are presently being planned. 
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.nvxqtqildyq 
The Road goes ever on and on 
Down from the door where it began. 
Now far ahead the Road has gone, 
And I must follow, if I can. 
Pursuing it with eager feet. 
Until it joins some larger way 
Where many paths and errands meet. 
And whither then? I cannot say. 
-J.R.R. Tolkien 
The Lord of the Rings 
no rto T?V.% UdOPj !>4,oK *jffT 
‘ ;r -ri'i-*;*/.- tool; ^rf3 moli firwoC 
•?i.e«*, woH 
7* I 1- .*#><..• f Ioj -■♦ai.'aj -X bnA 
"'7? nn-; »ijjv 7X 
V' ^,--gr ^{^oe fifTlo(; jX fiJnlf 
. l.Kf© <jdjaq Y**)*!'^ t»TairfW , * 
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